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Execut�ve summary

wh�ch represents more than 1,200 assoc�ate 
degree–grant�ng �nst�tut�ons that enroll more 
than 12 m�ll�on students—almost half of all u.s. 
undergraduates. the nsf regularly br�ngs together 
sc�ent�sts, educators, and other stakeholders 
to share the�r op�n�ons on cr�t�cal �ssues such 
as b�otechnology workforce development. the 
nsf currently prov�des $16.3 m�ll�on �n support 
of b�otechnology programs through �ts advanced 
technolog�cal Educat�on (atE) program. these 
�n�t�at�ves �nclude the atE resource center �n 
B�otechnology (B�o-L�nk) at the c�ty college of san 
franc�sco; and the northeast B�omanufactur�ng 
center and collaborat�ve (nBc2) at great Bay 
commun�ty college. the u.s. department of Labor 
(doL) also supports b�otechnology workforce 
development through 25 awards �n the Pres�dent’s 
h�gh growth Job tra�n�ng in�t�at�ve and commun�ty-
Based Job tra�n�ng grants and 17 WirEd reg�ons 
that have a focus on b�osc�ence and b�otechnology.

in add�t�on to the recommendat�ons, the report 
summar�zes key po�nts from five panel d�scuss�ons: 
health and med�cal, �ndustr�al and env�ronmental, 
food and agr�culture, educat�on, and emerg�ng 
�ssues. Panel�sts shared the�r op�n�ons about how 
the b�otechnology �ndustry w�ll grow dur�ng the next 
five years, the sk�lls that techn�c�ans w�ll requ�re to 
meet workforce needs, and the�r exper�ences w�th 
prom�s�ng educat�onal pract�ces. the small and 
large group d�scuss�ons that followed each panel 
presentat�on led to the recommendat�ons. 

the report �s �ntended to gu�de commun�ty 
colleges and other educat�onal �nst�tut�ons as they 
al�gn the�r b�otechn�c�an educat�on programs w�th 
ant�c�pated workforce needs dur�ng the next five 
years, to �nform fund�ng organ�zat�ons’ efforts to 
support b�otechn�c�an educat�on, to encourage 
stakeholders’ �nvolvement �n b�otechn�c�an 
educat�on programs, and to prompt �nd�v�duals and 
organ�zat�ons to carry out the recommendat�ons 
developed dur�ng the conference.

how to strengthen techn�c�an educat�on to meet 
the needs of the b�otechnology �ndustry was the 
quest�on before the 50 people who part�c�pated 
�n the Educating Biotechnicians for Future 
Industry Needs conference from apr�l 28 to 30 
�n scottsdale, ar�z. the part�c�pants were from 
h�gher educat�on, secondary schools, �ndustry, 
government, and profess�onal organ�zat�ons.

the conference spec�fically addressed �ndustry 
needs for the next five years w�th�n the areas 
of health, med�cal, agr�culture, �ndustr�al and 
env�ronmental b�otechnology, and emerg�ng areas 
such as b�otechnology w�th m�croelectromechan�cal 
systems (B�oMEMs) and nanotechnology 
(B�onanotechnology), and personal�zed med�c�ne. 
industry part�c�pants del�neated employers’ 
expectat�ons for techn�c�ans. small and large group 
d�scuss�ons focused on how commun�ty colleges 
can educate trad�t�onal college-age students, who 
must acqu�re a sol�d bas�c knowledge for entry-
level b�otech posts, and also postbaccalaureate 
students, who may have advanced degrees �n 
sc�ence but lack the laboratory sk�lls needed to 
ga�n employment �n the b�otech �ndustry.

consensus was reached on recommendat�ons, 
wh�ch appear on the next page. the recommen-
dat�ons are a�med at h�gh school, two-year and 
four-year college programs, government agenc�es, 
and the b�otechnology �ndustry. some of the 
recommendat�ons w�ll requ�re relat�vely m�nor 
rev�s�ons to ex�st�ng b�otechnology educat�on 
programs wh�le others w�ll �nvolve add�t�onal 
resources. some may requ�re �n�t�al external 
fund�ng. conference part�c�pants also �n�t�ated 
small work�ng groups to plan next steps and to 
�nvolve other �nd�v�duals from the b�otechnology 
commun�ty who m�ght a�d �n accompl�sh�ng the 
recommendat�ons.

the nat�onal sc�ence foundat�on (nsf) 
sponsored the conference through a grant to the 
amer�can assoc�at�on of commun�ty colleges, 
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recommendat�ons

d�fferent subfields to support and �nform retool�ng 
and retra�n�ng programs to enable b�otechn�c�ans 
to sh�ft fields w�th�n the rap�dly emerg�ng �ndustry.

Educat�onal �nst�tut�ons should develop (1) clear, 
art�culated career pathways from m�ddle school 
and h�gh school to commun�ty college and four-
year b�otechnology programs; (2) a process to 
reach agreement on standards for accred�tat�on 
of b�otech programs and cert�ficat�on of academ�c 
credent�als for b�otechn�c�ans; and (3) commun�ty 
college food and agr�culture programs that 
�ncorporate b�otechnology �n mult�d�sc�pl�nary 
approaches to techn�c�an educat�on as art�culated 
by commun�ty college leaders �n a future meet�ng 
to be convened by nsf.

relat�onsh�ps and partnersh�ps should be 
encouraged (1) between educat�onal �nst�tut�ons, 
�ndustry, and state and federal agenc�es; and 
(2) �n reg�onal b�otechnology efforts that prepare 
�nd�v�duals w�th crossover sk�lls that are used by 
part�cular �ndustr�es located �n mult�ple states.

Market�ng and commun�cat�ons efforts 
should ra�se employer awareness of ex�st�ng 
b�otechnology educat�on programs and �mprove 
publ�c understand�ng of b�otechnology by (1) 
focus�ng on successful b�otechn�c�ans and the 
programs that educated them; (2) �dent�fy�ng 
nat�onal models of educat�onal partnersh�ps w�th 
�ndustry and creat�ng case stud�es to publ�c�ze 
these successful models; (3) engag�ng students 
�n cross-d�sc�pl�nary approaches that br�ng 
b�otechnology profess�onals to campuses for 
career sem�nars and classroom lessons �n an 
array of sc�ence technology, eng�neer�ng, and 
mathemat�cs courses; and (4) creat�ng �nnovat�ve 
recru�tment strateg�es that encourage people to 
enroll �n b�otechnology programs.

Many of the conference recommendat�ons 
are d�rected at commun�ty colleges, but the 
recommendat�ons also affect other colleges, 
un�vers�t�es, secondary schools, government 
agenc�es, and the b�otechnology �ndustry. 
the recommendat�ons are grounded �n the 
understand�ng that b�otechnology educat�onal 
programs should develop exemplary techn�cal 
sk�lls �n students and g�ve students a thorough 
work�ng knowledge of b�otechnology appl�cat�ons. 
to address these pr�or�t�es, the conference 
part�c�pants recommend the follow�ng:

B�otechnology curr�culum should �nclude (1) 
�nstruct�on �n wr�tten and verbal commun�cat�on, 
and “soft sk�lls” such as team work and t�me 
management; (2) core curr�culum courses 
that transfer and art�culate from h�gh school to 
two-year and four-year degree programs; (3) a 
strong theoret�cal understand�ng of the ent�re 
manufactur�ng process encompass�ng upstream 
and downstream processes; (4) the �ntroduct�on 
of emerg�ng technolog�es �n bas�c b�otechnology 
courses; and (5) the redes�gn of standard 
m�crob�ology and b�ology curr�cula to �nclude 
appl�cat�ons �n �ndustr�al and env�ronmental 
b�otechnology.

B�otechnology programs should prov�de (1) 
b�otechnology �ndustry externsh�ps for commun�ty 
college faculty, secondary school teachers, 
and gu�dance counselors to expand the�r 
�ndustry exper�ence; (2) faculty teams to br�ng 
prepackaged resources and profess�onal expert�se 
to colleges start�ng b�otechnology programs; (3) 
mult�d�sc�pl�nary programs for cross-tra�n�ng of 
college faculty and students (e.g., m�croelectron�cs 
as �t relates to emerg�ng d�agnost�c technolog�es, 
and mater�als sc�ence as �t relates to emerg�ng 
b�ofuels); and (4) a parallel analys�s of sk�lls from 
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Health and Medical
in add�t�on to good laboratory pract�ces (gLP), 
b�otechnology techn�c�ans employed by health 
and med�cal �ndustr�es and academ�c �nst�tut�ons 
need a context-based understand�ng of 
b�otechnology. there are mult�ple d�mens�ons 
to th�s context-based understand�ng because 
�n the future, techn�c�ans w�ll be expected 
to part�c�pate �n all levels of b�otechnology, 
�nclud�ng measurement, �nformat�on systems, 
and development of cl�n�cal appl�cat�ons. 
B�otechn�c�ans’ context-based understand�ng, 
therefore, should �nclude a grasp of the major 
factors affect�ng the med�cal or health field �n 
wh�ch they work, knowledge of how to make 
products or to carry out test processes �n 
compl�ance w�th str�ct government gu�del�nes, 
and fluency w�th the b�o�nformat�cs techn�ques 
needed to use b�olog�cal �nformat�on from d�g�tal 
resources.

Mark Van dyke, ass�stant professor at 
Wake forest un�vers�ty school of Med�c�ne, 
ant�c�pates that the u.s. b�otechnology 

�ndustry w�ll expand �n the areas of b�omarkers, 
personal�zed med�c�ne, and ep�genet�cs (�.e., 
mod�ficat�ons that change gene express�on 
w�thout affect�ng the gene’s dna). he noted 
that desp�te the growth of cl�n�cal tr�als that 
use research �n stem cells, b�olog�c molecules, 
gene therapy, and regenerat�ve med�c�ne, few 
reach the random�zed-control phase at mult�ple 
s�tes (Phase iii) or postmarket�ng surve�llance 
(Phase iV). as more academ�c laborator�es and 
small compan�es do d�scovery research (rather 
than bas�c research), he pred�cts there w�ll be 
greater demand for techn�c�ans w�th the sk�lls 
and knowledge to move between academ�c and 
�ndustry sett�ngs. g�ven these trends, techn�c�ans 
w�th �nterd�sc�pl�nary educat�on and work 
exper�ences w�ll be �n demand.

systems b�ology, cell therap�es, nano-
scale mater�als sc�ence, new drug del�very 
mechan�sms, small molecule development, and 
contract research organ�zat�ons are among the 
key factors that w�ll affect the u.s. healthcare 
�ndustry, accord�ng to Peter Johnson, pres�dent 

Panel d�scuss�ons

”“ B�otechnology can break the code of d�sease and treat �t. B�otechnology can 
produce plants res�stant to pests, d�sease, and drought. B�otechnology can 
produce new fuels from cellulose and b�odegradable products. there’s no 
l�m�t to our challenges. there’s no l�m�t to what we have to learn. and there �s 
no l�m�t to our ab�l�ty to use th�s knowledge to good purpose. so you are 
w�se, all of you, to fund and to lead the educat�on our young people w�ll need 
to jo�n th�s aston�sh�ng journey.

James c. greenwood, President and Chief Executive Officer 
B�otechnology industry organ�zat�on (Bio)
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The biotech industry is hungry for skilled 
workers, but there are concerns that difficulties 
in finding such workers could impede the 
industry’s growth in the United States. “Can 
you imagine a future with potential high-paying 
U.S. jobs [being] outsourced not because you 
can produce less expensively overseas, but 
because you can only produce overseas? That 
would be sad indeed,” James C. Greenwood, 
president and chief executive officer of 
the Biotechnology Industry Organization 
(BIO), said during his keynote speech at the 
Educating Biotechnicians for Future Industry 
Needs conference.

Greenwood advises communities interested 
in attracting biotechnology companies to 
begin teaching biotechnology in elementary, 
middle, and high schools to encourage student 
interest in biotechnology careers. “To build a 
biotech product pipeline we are going to need 
a well-educated workforce pipeline. In any field 
the fundamentals are always important. They 
serve as the foundation for developing more 
specialized skills,” he said.

He applauded community colleges for providing 
“the gateway for many career paths in our 
industry,” and encouraged them to continue 
focusing on basic biotechnology skills. “Our 
companies need workers with knowledge of 
molecular biology, biochemistry, and cell culture. 
They need workers who can perform basic 
research, operate standard lab equipment, 
understand instrumentation, and follow 
established lab protocols. Specific procedures for 
advanced skills can be taught by companies’ in-
house education programs, but only if workers 
have the basic foundations in practical laboratory 
procedures. We need workers with excellent team 
work, record-keeping, and communications skills.”

Greenwood noted that technicians who 
possess these technical skills and soft skills 
are able to pursue careers “not just in basic 
research, but jobs in drug discovery, translational 
research, clinical research, and FDA compliance. 
Lab skills and experience are also part of a good 
background for careers outside the labs such as 
biotech marketing, licensing, technical services, 
and managing intellectual property.”

and ch�ef execut�ve officer of sc�ntell�x, LLc. 
already, b�o�nformat�cs sk�lls are �mportant as 
people are “scrambl�ng to understand the b�ology 
�nformat�on �n d�g�tal data,” and dec�pher�ng 
the aggregat�on of �nformat�on that �s systems 
b�ology. “By understand�ng the system, we can 
understand how to take care of pat�ents much 
better,” he sa�d.

gary skuse, d�rector of b�o�nformat�cs at 
the rochester inst�tute of technology, sa�d 
b�o�nformat�cs educat�on may not lead to 
b�o�nformat�cs degrees. however, students 
whose b�otechnology courses �nclude computer 
sc�ence and stat�st�cs w�ll have a compet�t�ve 
advantage �n the job market. he expects that 
the volume and rate of b�olog�cal data that are 

B�otech industry hungers for sk�lled Workers
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part of “h�gh throughput sc�ence” w�ll requ�re 
more people �n the future to generate, organ�ze, 
analyze, and curate th�s �nformat�on. raymond 
Mar�ella Jr., sen�or sc�ent�st for b�osecur�ty at 
Lawrence L�vermore nat�onal Laboratory, added 
that �t �s �mportant for techn�c�ans to understand 
what �s �nvolved �n the data collect�on. in the long 
run, �t w�ll be �mportant to the nat�on “to do at 
least some of the work” domest�cally.

to prepare techn�c�ans for these var�ous 
expectat�ons, L�nnea fletcher, cha�rman of 
the B�otechnology department at aust�n 
commun�ty college (texas), urges faculty to 
use the�r knowledge of worldw�de b�otech 
trends to develop courses and programs to fit 
reg�onal employers’ responses to �nternat�onal 
happen�ngs. th�s, of course, requ�res faculty 
members to have good contacts w�th �ndustry 
personnel so they know what �s go�ng on. she 
attr�butes aust�n commun�ty college’s h�gh 
job placement rate of b�otech students from 
�nternsh�ps and apprent�cesh�ps to the match 
between �ts b�otechnology curr�culum and 
reg�onal employers’ equ�pment, protocols, and 
pract�ces, �nclud�ng the essent�al soft sk�lls.

Industrial and Environmental
add�ng more appl�cat�ons to the general 
b�ology and m�crob�ology courses that asp�r�ng 
b�otechnology techn�c�ans take w�ll help prepare 
them for the ant�c�pated growth �n �ndustr�al 
and env�ronmental b�otechnology. Know�ng 
wh�ch appl�cat�ons to add to the curr�culum and 
acqu�r�ng equ�pment for student laborator�es 
w�ll requ�re more robust collaborat�ons between 

educators and employers. By us�ng these 
needs to �nst�gate partnersh�ps w�th �ndustry, 
educators have the potent�al to �mprove both 
the educat�on of b�otechnology techn�c�ans and 
the products of the compan�es that eventually 
employ the�r students.

John sterl�ng, ed�tor-�n-ch�ef of Genetic 
Engineering and Biotechnology News, reported 
that �ndustr�al b�otechnology �s expected to grow 
from a $121 b�ll�on market �n 2008 to a $195 
b�ll�on market �n 2010. he ant�c�pates that as 
molecular d�agnost�cs t�e �n w�th personal�zed 
med�c�nes, b�otechnology’s focus w�ll sh�ft 
from d�sease treatment to prevent�on and push 
growth �n �ndustr�al b�otechnology. new �nterest 
�n b�ofuels and plant extracts means that many 
technolog�es currently used �n the b�omed�cal 
fields w�ll transfer to b�omanufactur�ng.

sand� Woods, operat�ons manager of 
genencor, began her career as a techn�c�an. 
now her management respons�b�l�t�es �nclude 
h�r�ng techn�c�ans for the company that produces 
�ndustr�al enzymes. When cons�der�ng appl�cants, 
she looks for people who have troubleshoot�ng 
sk�lls and who have hands-on expert�se w�th 
equ�pment. techn�c�ans d�st�ngu�sh themselves 
when they are capable not only of mon�tor�ng 
a fermentat�on run, but also of see�ng trends �n 
processes and report�ng them accurately.

M�guel ola�zola, d�rector of product�on for 
sapph�re Energy, agrees that b�otech students 
need exper�ence handl�ng large p�eces of 
equ�pment. he suggests students get th�s 
exper�ence e�ther as part of the�r classroom 
lessons or w�th �nternsh�ps or other structured 
placements w�th�n �ndustry. he would also 
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In addition to checking applicants’ technical 
skills, the biotech employers at the conference 
said they look for technicians who communicate 
clearly, think critically, work well on teams, and 
possess other soft skills.

Applicants with firsthand experience 
operating industry equipment are also 
preferred, they said. “Having that hands-on 
experience, from my perspective, is key,” said 
Sandi Woods, Genecor operations manager. 
She and other conference participants 
encouraged colleges to develop internships 
with industry to help students obtain critical, 
real-work experience.

Besides a strong background in basic biology 
and genetics, the recommended technical skills 
for biotechnicians varied according to which 
aspect of biotechnology the employer engages. 
For instance, agriculture companies look for 
people who know entomology, whereas medical 
companies seek people who have taken the 
computer science and statistics courses that 
help when performing bioinformatics tasks.

The attributes that conference participants 
mentioned most often as skills that 

biotechnicians will need in the future are quite 
similar to the competencies and foundation 
skills detailed in Learning a Living: A Blueprint 
for High Performance, the 1992 report by 
the Secretary’s Commission on Achieving 
Necessary Skills (SCANS). Many of the 
nontechnical skills identified in the SCANS 
report have come to be called soft skills.

Basic SCANS skills like reading, writing, 
and listening matter to biotech employers who 
need technicians to follow directions, keep 
accurate records, and report results that other 
employees can readily understand. Whether 
technicians can think critically and learn 
continuously is particularly important to biotech 
employers because the industry is changing 
so quickly. Technicians who troubleshoot 
effectively, know how equipment is used, 
and understand upstream and downstream 
processes quickly distinguish themselves, 
according to the biotech employers.

Being congenial, timely, adaptable, and 
resourceful are qualities that the biotech 
employers identified as expectations for all 
employees.

soft sk�lls second only to good Laboratory Pract�ces among 
the Qual�t�es B�otech Employers seek �n techn�c�ans
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l�ke b�otechnology techn�c�an educat�on to 
�nclude some lessons about the expectat�ons 
for employees of start-up compan�es and 
the challenges that accompany successful 
�nnovat�ons and growth.

for �nstance, sapph�re Energy’s 22 employees 
produce fuel from m�cro algae. try�ng to create 
b�otechnology breakthrough products l�ke green 
crude takes extremely comm�tted �nd�v�duals 
who are w�ll�ng to work long hours, ola�zola 
sa�d. if sapph�re ach�eves �ts goals, �t w�ll need 
10,000 acres of algae. W�th the carbon b�omass 
of one acre of algae equal to 100 acres of corn, 
cult�vat�ng th�s much algae w�ll present an ent�rely 
d�fferent set of challenges to the company’s 
techn�c�ans

P�n-ch�ng Maness, sen�or sc�ent�st at the 
nat�onal renewable Energy Laboratory, would 
l�ke young people and the�r parents to beg�n 
learn�ng about b�otechnology and �ts career 
opportun�t�es �n elementary and secondary 
schools. offer�ng programs that �nvolve students 
of var�ous ages �n the search for useful m�crobes 
�n local so�ls �s one of the ways she suggests 
commun�ty colleges could st�mulate �nterest �n 
b�otechnology.

in add�t�on to gett�ng more adolescents 
�nterested �n b�otechnology, conference 
part�c�pants encouraged educators and bus�ness 
people to recru�t adults, part�cularly �mm�grants, 
w�th degrees �n other fields as b�otechnology 

Austin Community College (Texas) is working 
on a low-cost model to bring real-world 
biotechnology work experience to students 
on campus. “I want it to be something any 
community college can integrate,” said  
Linnea Fletcher, chairman of the 
Biotechnology Department at Austin 
Community College.

Fletcher’s model calls for setting aside or 
adding benches to campus laboratories for 
companies to rent. She added four benches 
for biotechnology incubator work in the 
laboratory her department shares with the 
Medical Laboratory Training Program.  
“Don’t make it too expensive or too fancy. 
Just get it done,” Fletcher said of the 
approach.

During a recent semester, a company that 
needed extra lab space used the community 
college benches for work on a real-time 
polymerase chain reaction assay. The 
company employee conducting the project 
was hired as an adjunct instructor by the 
college. She blended instruction about the 
process into an existing course and guided 
student interns who helped the company 
complete its project on time. In exchange 
for the laboratory space and students’ 
assistance, the company donated a sizable 
quantity of consumable supplies to the 
community college.

Low-cost Model to g�ve  
students real B�otech 
Exper�ence
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techn�c�ans. the trad�t�onal progress�on from 
h�gh school to college to work no longer appl�es 
to the many adult students who enter and ex�t 
postsecondary educat�onal �nst�tut�ons mult�ple 
t�mes even after they have earned degrees and 
begun careers.

Food and Agriculture
the un�ted states’ role as breadbasket of the 
world �s w�dely acknowledged. Less well known 
�s b�otechnology’s role �n food and agr�culture 
product�on, �nclud�ng aquaculture and forestry 
products. B�otechnology �s expected to be a 
cr�t�cal factor �n future efforts to �ncrease crop 
y�elds, to control d�seases �n an�mals, and to 
expand food product�on �n areas where water 
and arable so�l are �n short supply. the use 
of technology w�th crops and an�mals �s as 
soph�st�cated as �t �s �n human health care. 
Whether techn�c�ans work �n the field or �n 
company laborator�es that produce fert�l�zers, 
seeds, and an�mal vacc�nes, they have the added 
respons�b�l�ty of safeguard�ng the food supply.

dannette connor-Ward, a sen�or sc�ent�st w�th 
Monsanto company, encouraged educators to 
recru�t and mentor agr�culture b�otechn�c�ans 
�n urban as well are rural areas. “there �s a 
whole populat�on that could do and would do 
[b�otechnology] but they need to see somebody 
that looks l�ke them,” she sa�d, referr�ng to under-
represented m�nor�ty and �mm�grant populat�ons. 
she suggests targeted market�ng efforts to 
�nform potent�al students that agr�culture 
b�otechn�c�ans requ�re less brawn and more 
bra�npower to understand plant b�ology, genet�cs, 

entomology, and stat�st�cs. When students obta�n 
data analys�s sk�lls and regulatory knowledge �n 
college �t “means people can wr�te the�r t�cket,” 
she sa�d.

ian Watk�nson, an agr�culture professor 
at ar�zona Western college expla�ned that �n 
areas of �ntense, year-round crop cult�vat�on, 
techn�c�an dut�es range from mon�tor�ng �rr�gat�on 
systems to test�ng so�ls and d�agnos�ng and 
remedy�ng problems. agr�culture products are 
�nternat�onal commod�t�es, and techn�c�ans need 
to understand the �nternat�onal nature of the�r 
work as well as reg�onal cons�derat�ons d�ctated 
by geography and weather, he sa�d.

Kather�ne Krol�kowsk�, ass�stant professor 
of b�ology and b�otechnology at contra costa 
college (cal�forn�a), noted that �n add�t�on to 
expert�se �n part�cular sk�lls sets, agr�culture 
b�otechn�c�ans need to be able to learn 
throughout the�r careers and respond to changes 
due to weather or �ndustry trends. she suggests 
that commun�ty colleges bu�ld on the�r trad�t�on 
of prepar�ng students to be l�felong learners by 
encourag�ng faculty and students to engage 
�n cross-d�sc�pl�nary efforts on campus and to 
�nteract w�th �ndustry off campus. she urged 
�ndustry to partner w�th commun�ty colleges. 
“that’s a good �nvestment for compan�es 
because commun�ty colleges are good at 
teach�ng l�felong learn�ng,” she sa�d.

Wayne freese, ch�ef execut�ve officer of 
Pra�r�e hold�ngs group, sa�d the market for 
an�mal vacc�nes has grown w�th the expans�on 
of �ntens�ve, large l�vestock operat�ons. “W�th 
the concentrat�on of l�vestock, d�seases became 
huge,” he sa�d. in recent years, veter�nary 
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Effective recruiting of women and under-
represented minorities for biotechnology can 
occur during personal conversations and 
with small gestures, according to Dannette 
Connor-Ward, a senior scientist at Monsanto. 
This sort of informal recruiting is something 
that Connor-Ward would like more female and 
minority college faculty members to engage in 
whenever possible to encourage youngsters to 
consider careers in biotechnology and other 
scientific fields.

Connor-Ward’s job with Monsanto and her 
work as an adjunct professor at St. Louis 
Community College-Florissant Valley give her 
many public speaking opportunities. Frequently 
she is the only woman or only African American 
among a panel of speakers. Regardless of the 
venue or topic, Connor-Ward makes a point of 
mentioning how science affects people’s lives in 

the hope that it will inspire at least one person in 
the audience to pursue a career in science.

After her formal presentations, Connor-
Ward tries to chat or at least make eye contact 
with the girls and underrepresented minority 
students in the audience. “A lot of women need 
to see other women,” she said. While handing 
out her business cards, she asks students 
questions about their aspirations, invites their 
questions about her career, and tells them to 
email her if they have other questions.

“They need to know that you made it, but that 
you had struggles just like anybody else,” she 
said. For instance, when a teenage boy told her 
he did not have money for college, she explained 
how she used student loans to get her first 
degree. “I’m determined to see more women 
and minorities go into science. I just want that,” 
Connor-Ward said.

Personal Encouragement important to insp�re Women and M�nor�t�es 
to sc�ence, technology, Eng�neer�ng, and Med�cal careers

as educators we are l�v�ng now �n a b�otech world. i bel�eve, we must teach 
sc�ence and b�otech. We must teach the soc�al aspects of b�otech, the 
econom�c aspects, and the pol�t�cal aspects. We must somehow not �nst�ll a 
prejud�ce for what the r�ght answers may be, but rather enable all our students 
to come to the�r own dec�s�ons both �nd�v�dually and for the collect�ve good, 
always support�ng the extraord�nary potent�al of the ord�nary student.

Mo�ra a. gunn, Host 
“tech nat�on” and “B�otech nat�on” 

Program Director for Information Systems 
un�vers�ty of san franc�sco, ca

”“
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There is no single formula for recruiting 
students to biotechnology programs. Instead 
community colleges in various parts of the 
country are attracting students with programs 
that respond to the particular needs of students 
in their region.

For instance, 80% of the students enrolled in 
biotech programs at Austin Community College 
(Texas) have already earned at least bachelor’s 
degrees, usually in a science or technology field. 
The postbaccalaureate students, sometimes 
referred to as reverse articulation students, 
come to the community college to learn the 
laboratory skills they need to gain entry with 
biotech employers in the metropolitan area. 
This phenomenon of community colleges 
serving bachelor’s degree holders is becoming 
more common, particularly in biotechnology 
programs, across the United States.

But at Finger Lakes Community College 
(New York) almost all of the people in the 
biotech program are traditional college-age 
students who enroll directly from high school. 
They enroll at Finger Lakes because its entire 
associate degree biotech program articulates 

to the Rochester Institute of Technology (RIT). 
The public community college markets its 
biotechnology program as a significantly less 
expensive route to a bachelor’s degree from RIT, 
a private college. Most of Finger Lakes’ biotech 
students follow up on their associate degrees by 
transferring immediately to RIT as juniors.

Meanwhile, in the Northeast, biomanufacturing 
apprenticeships are encouraging nontraditional 
students who have no postsecondary education 
experience to enroll at Great Bay Community 
College (New Hampshire). The biotech 
apprenticeships include tuition scholarships and 
paid summer apprenticeships with industry.

Other community college educators at the 
conference report that they find it useful to target 
biotech recruitment efforts among allied health 
students. If students get wait-listed for nursing 
or other health care programs or if they find they 
do not like direct patient care, their prerequisite 
courses provide a solid foundation to pursue 
biotech careers. An academic background in 
health care is actually an asset when seeking 
employment with biotech companies involved in 
clinical trials.

attent�veness to student needs  
Essent�al for successful recru�t�ng Efforts
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med�c�ne has become more soph�st�cated, 
allow�ng for real-t�me mon�tor�ng of d�seases �n 
herds. he ant�c�pates that the un�ted states w�ll 
cont�nue as the global leader �n the d�agnos�s of 
d�seases and tox�ns that affect l�vestock. “We are 
better than any other country �n the world when �t 
comes to d�agnost�cs,” he sa�d.

he and other conference part�c�pants 
ant�c�pate that veter�nary med�c�ne w�ll become 
even more prom�nent �n the future as the 
worldw�de consumpt�on of meat �ncreases. 
they also see the need for greater coord�nat�on 
between federal agenc�es, �nclud�ng the shar�ng 
of �nformat�on and other resources.

Education
for b�otechnology techn�c�ans, commun�ty 
colleges prov�de assoc�ate degree and cert�ficate 
programs, and un�vers�ty research fac�l�t�es 
offer employment. desp�te th�s l�nk, gaps ex�st 
between these educat�on sectors. conference 
part�c�pants suggested greater collaborat�on and 
noted that commun�ty colleges and un�vers�t�es 
that share equ�pment or faculty have found 
th�s s�tuat�on to be mutually benefic�al. By 
bu�ld�ng on each sectors’ strengths, conference 
part�c�pants agreed that �t �s poss�ble to develop 
art�culat�on agreements from h�gh school 
b�otechnology courses to commun�ty colleges 
and from commun�ty colleges to un�vers�t�es. 
they suggested that commun�ty college faculty 
members could �ncrease �nterest �n the�r 
programs by talk�ng w�th secondary school 
sc�ence educators, and help�ng them add 
b�otechnology lessons to the�r usual sc�ence 

The University of Rhode Island’s (URI) 
biotechnology curriculum is “stolen and modeled” 
on the Global Biomanufacturing Curriculum 
developed by the Northeast Biomanufacturing 
Center and Collaborative (NBC2) at Great Bay 
Community College, according to Gregory 
Paquette, director of biotechnology and clinical 
laboratory sciences at the university.

This sort of replication is what the National 
Science Foundation expects from its 
Advanced Technological Education (ATE) 
program, which provides grants to innovative 
technician education programs. Curriculum 
and instructional materials developed with ATE 
grants are free to U.S. educators. Sonia Wallman 
is the principal investigator for NBC2.

“Because she had developed it [the 
curriculum] over a number of years and fine 
tuned it, it really is a best practice,” Paquette 
said, referring to Wallman.

Paquette estimates that he saved more than 
a year in program development time by using 
NBC2’s Web site and attending its summer 
professional development program, known as 
BIOMAN, with three other URI faculty members. 
The two baccalaureate degree programs URI 
offers emulate NBC2’s curriculum and use of 
student internships with industry.

“The community colleges are way ahead of 
us,” he said, referring to four-year institutions’ 
reluctance to adopt a workforce development 
focus. But he finds this approach gets results. 
His department’s enrollment has grown 30% 
since adding the biotech options, and the job 
placement rate from the biotech internships is 
nearly 100%.

un�vers�ty Models B�otech 
Program on commun�ty 
college curr�culum

15
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Effective biotechnology programs depend 
on the quality of educators’ knowledge, their 
connections with biotech employers, and 
their collaborations with other educators. To 
prepare students for biotechnology careers, 
the conference participants recommend that 
faculty members

• Develop linkages with industry.

• Participate in externships if they do not have 
industry experience.

• Create a culture of learning with students that 
involves research with an emphasis on critical 
thinking skills and interpreting results.

• Teach entrepreneurial skills, particularly how 
to take risks to achieve challenging goals and 
compete in the global economy.

• Inform elementary and secondary school 
teachers and guidance counselors about the 
biotechnology career pathways that begin with 
community college programs.

• Partner with university faculty for each 
institution to share their programs’ strengths.

• Engage in interactive professional 
development activities that keep learning fun 
for them.

recommendat�ons for faculty courses or by offer�ng commun�ty college 
b�otechnology courses at h�gh schools.

greg Paquette made the case that commun�ty 
colleges should pursue two credent�al�ng 
standards: accred�tat�on of b�otechnology 
programs and cert�ficat�on of b�otechnology 
graduates. Paquette �s professor and d�rector of 
b�otechnology and cl�n�cal laboratory sc�ences 
at the un�vers�ty of rhode island. he po�nted 
out that most college b�otech programs already 
use �ndustry standards �n the�r curr�cula and 
argued that �f commun�ty college students 
earn nat�onally recogn�zed cert�ficat�ons, they 
w�ll val�date the�r credent�als w�th employers. in 
th�s way nat�onal cert�ficat�on of students and 
nat�onal accred�tat�on of b�otechnology programs 
would ra�se the esteem of commun�ty college 
b�otechnology programs.

amanda ahlstrand, d�rector of the Bus�ness 
relat�ons group of the Employment and tra�n�ng 
adm�n�strat�on of the u.s. department of Labor, 
urged educators to work w�th the Workforce 
investment Boards �n the�r commun�t�es to 
�mprove connect�ons across educat�on sectors 
and w�th reg�onal �ndustr�es. government 
programs, such as the Pres�dent’s h�gh growth 
Job tra�n�ng in�t�at�ve, prov�de funds to l�nk and 
leverage commun�ty partners. ahlstrand po�nted 
out that many federal �n�t�at�ves are des�gned to 
fade �n and out. she urged educators to “look at 
the �nfus�on of resources as start�ng po�nts and 
run w�th them” so act�v�t�es and programs can be 
susta�ned after government fund�ng ends.

Jul�e cooke, v�ce pres�dent of human 
resources for inv�trogen corporat�on, sa�d her 
company has found �t worthwh�le to adv�se 
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change, the conference part�c�pants suggested 
that educators �ncorporate key aspects of 
emerg�ng areas �nto ex�st�ng b�otechn�c�an 
courses rather than create ent�rely new courses 
or programs. the conference part�c�pants 
advocated a “back to bas�cs approach” that 
emphas�zes the fundamental techn�cal sk�lls that 
students w�ll need to apply when they encounter 
new technolog�es or enter n�che �ndustr�es.

“you cannot l�ve w�thout excellent manual, 
front-end techn�cal sk�lls,” sa�d raymond Mar�ella 
Jr., sen�or sc�ent�st for b�osecur�ty at Lawrence 
L�vermore nat�onal Laboratory. obta�n�ng 
samples w�thout contam�nat�ng them, handl�ng 
mater�als properly, execut�ng tests effic�ently, and 
record�ng results accurately are essent�al whether 
an assay �s for an ultra-sens�t�ve advanced 
appl�cat�on or a rout�ne process. “if you mess 
up the sample you are go�ng to get the wrong 
answer, and you st�ll have to understand what the 
answer means,” he sa�d.

Mar�ella sa�d he ant�c�pates d�vers�ficat�on �n the 
b�otech �ndustry as �nnovators comb�ne b�osc�ence 
w�th other sc�ences and eng�neer�ng, and as farmers 
use more genet�cally mod�fied crops and an�mals. 
he ant�c�pates the b�otechnology �ndustry w�ll grow 
as demand �ncreases for genet�c screen�ng, wh�ch 
he expects to move to pr�vate enterpr�ses. he also 
ant�c�pates growth �n �nd�v�dual�zed med�c�nes, 
systems med�c�nes, screen�ng for drug cand�dates, 
and sample process�ng for food. the d�agnos�s and 
treatment of emerg�ng d�seases, such as severe 
acute resp�ratory syndrome, and drug res�stant 
d�seases w�ll add to b�otechnology’s expans�on. 
“assays are becom�ng �ncreas�ngly b�o�nformat�c-
centr�c,” he sa�d.

commun�ty colleges on ways to model �ndustry 
pract�ces �n college courses and to offer 
student �nternsh�ps. as an employer, she looks 
for appl�cants w�th real-world exper�ence and 
knowledge of the bus�ness s�de of sc�ence. she 
has found that people who are adaptable and 
commun�cate well and who understand the 
key dr�vers of product�v�ty, good manufactur�ng 
pract�ces (gMP), qual�ty assurance and qual�ty 
control (Qa/Qc), and the role of the u.s. food 
and drug adm�n�strat�on are most l�kely to 
advance �n b�otechnology compan�es that are 
grow�ng w�th new d�scover�es and �nnovat�ons.

tam� goetz, sc�ence adv�sor to the governor 
of utah, reported that salt Lake commun�ty 
college offers summer �nternsh�ps for faculty 
members to work alone or w�th student teams 
at innovaB�o, the college’s contract research 
organ�zat�on. “it’s work�ng very well because 
faculty are com�ng and work�ng on cred�ble 
commerc�al products,” goetz sa�d. another utah 
profess�onal development program takes a more 
l�ght-hearted approach—such as bus tours of 
h�stor�cally �mportant technology s�tes—to bu�ld 
connect�ons between h�gh school educators and 
college faculty members.

Emerging Areas
innovat�ons that comb�ne b�otechnology w�th 
m�croelectromechan�cal systems (B�oMEMs) and 
nanotechnology (B�onanotechnology), and those 
that use molecular d�agnost�cs and m�crorna 
were frequently ment�oned by conference 
part�c�pants as emerg�ng areas for the 
b�otechnology �ndustry. g�ven the rap�d pace of 
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The partnership between Newport Laboratories 
and Minnesota West Community and Technical 
College is more comprehensive than typical 
academic–industry partnerships. It includes 
facilities, equipment, scholarships, and 
company scientists serving as adjunct faculty 
and curriculum advisers.

Newport Laboratories built a 1,200-ft2 
teaching laboratory for the college at its 
corporate facilities about two miles from 
Minnesota West’s Worthington campus. The 
teaching lab was built in 2005 about the same 
time the company added a 10,000-ft2 research 
laboratory for its scientists at the same facility. 

“When we developed our second laboratory 
we knew we were going to have to get involved 
with getting people educated. So we went to the 
community college system and said, ‘We are 
going to build a new R&D facility here and we’re 
going to give you some square footage. We’d 
like you to put some equipment in that we would 
normally put in, and provide a curriculum and 
instruction. We will provide adjunct instruction,’” 
Wayne Freese, chief executive officer of Prairie 
Holdings Group and its subsidiary Newport 
Laboratories, told conference participants.

After three years the leaders of both 
the college and the company report they 
are reaping benefits from their Bioscience 

Partnership, which received a statewide award 
in 2008. “Really good things have come out 
of [the Bioscience Partnership],” Freese said, 
explaining, “The benefits have been [that] our 
people are also going through the course; 
we’ve been able to hire people out of it, and 
now we feel we can continuously develop a 
workforce out of it.”

Minnesota West uses the laboratory for its 
regular microbiology courses and its biotech 
technician courses, which company personnel 
helped faculty develop. Students and faculty 
use state-of-the-art equipment daily and 
often observe and talk with the company’s 
technicians and scientists. These interactions 
have led to the addition of better investigative 
lab techniques in the curriculum for the 
associate degree in biotechnology, which 
includes 12 new courses.

“They’re the catalyst for us in this leading 
edge of science,” Jeffrey Williamson, vice 
president of instruction at the Worthington 
Campus, said of the company’s leaders. 
The substantial quality of the partnership 
agreement, which also involves the college’s 
agriculture programs, has given Minnesota 
West “the most credibility in a cutting-edge 
technology we’ve experienced in decades,” 
Williamson said.

innovat�ve Partnersh�p includes  
Labs, Equ�pment, courses, faculty, scholarsh�ps
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sharon Presnell, v�ce pres�dent for 
regenerat�ve Med�c�ne and B�ology w�th teng�on, 
inc., expects b�otechnology to address unmet 
needs to restore or preserve the env�ronment. 
alternat�ve fuels and products that keep food and 
water suppl�es safe were among the examples 
she c�ted. Presnell l�sted personal�zed med�c�nes 
that use a pat�ent’s cells among the examples 
of products that generate opportun�t�es for 
u.s. compan�es. “it’s catastroph�c �f you mess 
those up; the shelf l�fe �s hours not months, 
and you can’t do them overseas,” she sa�d. 
other d�agnost�c, preventat�ve, and therapeut�c 
products w�th potent�al �nclude tests that detect 
s�ngle molecules, �nformat�cs appl�cat�ons 
for complex problems, and treatments for 
degenerat�ve d�seases.

Bruce Leander, former pres�dent of amb�on 
and former v�ce pres�dent of Pharmac�a B�otech, 
noted that b�otechnology appl�cat�ons are the 
pr�or�ty, even for fund�ng organ�zat�ons that 
prev�ously prov�ded grants for bas�c research. 
g�ven th�s trend, Leander sa�d �t �s more 
�mportant than ever for commun�ty colleges to 
ask �ndustry what sk�lls they need �n employees 
and then des�gn programs to del�ver people w�th 
those qual�ficat�ons. “i bel�eve the commun�ty 
colleges should act l�ke an extens�on of what 
�ndustry �s do�ng w�th teach�ng the�r employees 

how to be better employees and how to be more 
product�ve. if you go about �t w�th that m�nd-set, 
you are just go�ng to be teach�ng what �ndustry 
needs,” he sa�d. By work�ng w�th reg�onal b�otech 
organ�zat�ons, programs can be structured to 
meet the part�cular needs of s�m�lar �ndustr�es 
concentrated �n one area.

in north carol�na, the commun�ty colleges 
and un�vers�t�es work closely w�th �ndustry as 
part of a statew�de econom�c development effort, 
accord�ng to Matthew Meyer, d�rector of north 
carol�na B�onetwork for the north carol�na 
commun�ty college system. the �ndustry-
educat�on effort �s work�ng on s�mpl�fy�ng the 
cont�nuum of educat�on to make �t eas�er for 
students to nav�gate. it �s also exper�ment�ng w�th 
�nfus�ng �nstruct�on of mult�ple sk�lls �n �mmers�ve 
learn�ng env�ronments—such as �nteract�ve v�deo 
games—that m�m�c workplaces.

toby horn, co-d�rector of casE at the 
carneg�e inst�tut�on, sa�d �t �s �mportant that 
�nstructors have the depth of knowledge 
necessary to make connect�ons for students 
between bas�c sk�lls and emerg�ng areas. clearly 
expla�n�ng about how new appl�cat�ons use bas�c 
sk�lls w�ll help students later �n the workplace 
when they encounter other �nnovat�ons. “People 
don’t know how to make those connect�ons �f they 
[the �nstructors] are not deeply tra�ned,” she sa�d.
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next steps

as �ntended, the l�vely d�scuss�ons at the Educating 
Technicians for Future Industry Needs conference 
prov�ded �nformat�on about how b�otechnology 
�s l�kely to grow dur�ng the next five years and 
how u.s. educators can prepare techn�c�ans to 
meet the needs of th�s rap�dly-chang�ng �ndustry. 
the conference part�c�pants �dent�fied prom�s�ng 
pract�ces and �llum�nated unmet educat�onal needs 
throughout the meet�ng. 

dur�ng the final plenary d�scuss�on, 
part�c�pants shared �deas about how b�otech 
techn�c�an programs can work more effect�vely 
w�th other sc�ence and agr�culture programs 
on the�r campuses. in advance of the final 
d�scuss�on, the conference steer�ng comm�ttee 
gathered all the recommendat�ons from the 
panel d�scuss�ons and ed�ted them for clar�ty. 
the l�sts of recommendat�ons were then placed 
before the assembled part�c�pants to vote on 
us�ng handheld, w�reless key pads. the pr�or�t�es 
set by the votes became the conference’s final 
recommendat�ons (see recommendat�ons on 
page 6). 

the meet�ng closed w�th top�cal small-group 
d�scuss�ons about how part�c�pants would use 
what they learned dur�ng the conference and 
how they would engage other stakeholders �n 
educat�on, the b�otech �ndustry, and government 
to carry out the conference recommendat�ons.

it �s hoped that greater collaborat�on among 
the var�ous ent�t�es w�ll be one outcome of the 
meet�ng because reduc�ng demarcat�on and 
�ncreas�ng cooperat�on are woven throughout 

the conference recommendat�ons. suggested 
steps to accompl�sh these goals �nclude 
redes�gn�ng standard m�crob�ology and b�ology 
curr�cula to �nclude appl�cat�ons of �ndustr�al and 
env�ronmental b�otechnology; creat�ng mult�-
d�sc�pl�nary programs for cross-tra�n�ng faculty 
and students; develop�ng b�otechnology career 
pathways from secondary schools to commun�ty 
colleges and un�vers�t�es; and cult�vat�ng reg�onal 
b�otechnology �ndustry–educat�on partnersh�ps. 

th�s call to el�m�nate barr�ers was an 
�nterest�ng result for a conference organ�zed 
by �ts steer�ng comm�ttee accord�ng to the 
categor�es that �ndustry typ�cally uses to 
d�v�de �tself. th�s format gave part�c�pants 
the opportun�ty to learn about aspects of the 
�ndustry w�th wh�ch they were less fam�l�ar, but �t 
also led to consensus that every spec�al�zat�on 
and emerg�ng area rel�es on techn�c�ans w�th 
strong fundamental techn�cal sk�lls who, because 
of the�r educat�onal preparat�on, can learn 
new technolog�es and adapt to changes �n the 
workplace.

th�s meet�ng was not �ntended to establ�sh 
curr�culum standards or to define core 
competenc�es, although both were ment�oned 
dur�ng the d�scuss�ons. it was suggested 
dur�ng the conference that the b�otechnology 
�ndustry and academ�c programs that prepare 
b�otechn�c�ans have reached the maturat�on 
necessary to develop techn�c�an cert�ficat�on 
and program accred�tat�on processes. the 
conference left that as a quest�on for the ent�re 
commun�ty of �nterest to cons�der.
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